Physical activity (PA) and diet directly influence obesity and metabolic syndrome (MS) as important determinants of body composition. Understanding how PA relates to MS in youth is of great importance, and could offer a common strategy for clinical and public health approaches to control this condition. The underlying disorder of MS is a condition of insulin resistance, and a strong relationship between PA level and insulin sensitivity is clearly ascertained. The type, duration, frequency and intensity of PA affect fuel metabolism, in particular carbohydrate and lipid oxidation. The possible modulation of metabolism because of increased fat oxidation by PA is the basis for both prevention and restoration of insulin resistance and MS in obese children. In daily clinical practice, diet followed by pharmacologic treatment are usually the approaches taken, whereas PA is often considered just a suggestion. Although diet and PA have different effects on body composition, with both contributing to fat loss, only PA increases muscle mass and thus has a direct effect on metabolic function, expressed by changes in cardiovascular risk factors. Therefore, it is important to remember their complementary but different targets in daily clinical practice, such as body weight control for diet and metabolic health for PA. In this review, we have summarized the literature on the relationship between PA and MS in pediatrics. Then, we have analyzed the possibility of using PA for MS treatment, as an alternative to drugs, by discussing the results of intervention studies, reasons for low compliance to PA, related benefits, adherence difficulties and costs. Finally, we have tried to suggest recommendations for a multiple-step PA strategy in children and adolescents at risk for MS, by considering PA as the 'key' player in treatment.
Introduction
An increasing number of children and adolescents are now described as affected by metabolic syndrome (MS), [1] [2] [3] [4] [5] [6] [7] [8] and as the main consequence they should be addressed to a specific treatment. The prevalence of MS is 0.2% in 10-year-old and 1.4% in 15-year-old subjects in Europe, 9 and B4-7% in US children and adolescents. 10 A clear relationship between MS and obesity status has been found in the pediatric age. 4 Physical activity (PA) and diet directly influence obesity and MS as important determinants of body composition. In adults, studies have shown that prudent dietary patterns high in fruits and vegetables are associated with low prevalence of MS. 11, 12 Results from intervention studies in adults with MS have also proven the importance of dietary approaches in reducing most of the MS risks in both men and women. 13 Studies examining MS and its association with diet and PA in children and adolescents are still limited; however, understanding how PA relates to MS in youth is of great importance, and could offer a common strategy for clinical and public health approaches to control this condition. 10 In daily clinical practice when facing adult MS management, diet and pharmacologic treatment are usually the first approach, whereas PA is often considered just a suggestion. 14, 15 It is important to note that in pediatric age also the use of antidiabetic and antihypertensive agents is recently increasing, and the prescription is more and more performed directly by the pediatrician. 16 Scientific evidences collected in the last years in pediatric subjects, in opposition, support the existence of a strong relationship between PA and MS; [17] [18] [19] [20] [21] moreover, several intervention studies performed in obese children and adolescents showed the efficacy of PA programs on MS parameters. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Therefore, there is an evident discrepancy between theory and practice regarding the role given to PA in MS treatment.
In this review, we will summarize the literature on the relationship between PA and MS in pediatric age. We will then analyze the possibility of using PA for MS treatment, as an alternative to drugs, by discussing the results of intervention studies, reasons for low compliance to PA, related benefits, adherence difficulties and costs. Finally, we will try to suggest recommendations for a multiple-step PA strategy in children and adolescents at risk for MS, by considering PA as the 'key' player in treatment.
Definitions
The term 'metabolic syndrome' identifies multiple risk factors for cardiovascular disease that include the clustering of central adiposity, dyslipidemia, elevated blood pressure and impaired glucose metabolism. 34 The term 'physical activity' is often used interchangeably with 'physical exercise' and 'physical fitness', although each of them have specific meanings. 17, 18, 35, 36 Physical activity is defined as any bodily movement produced by skeletal muscles that results in energy expenditure. Physical fitness (PF) can be conceived as separate components, grouped into two broad categories: (1) skill-related aspects (that is, agility, balance, coordination, power, reaction time and speed) and (2) healthrelated aspects (that is, cardiorespiratory fitness, muscular strength, muscular endurance, body composition and flexibility). 17, 18, 35, 36 Each of the health-related PF consists of several individual components (muscular, cardiorespiratory, motor, metabolic and morphological) and subcomponents (for example, metabolic fitness includes glucose metabolism, lipid profile and fuel utilization). 36 In other words, PA and metabolism are strictly related due to PF. Scientific literature usually refers to PF almost exclusively as cardiorespiratory fitness, also called cardiovascular fitness or maximal aerobic power, which relates very closely to maximal capacity for oxygen consumption. An important distinction between PA and PF is the intraindividual day-to-day variability: PA will undoubtedly vary on a daily basis, whereas PF will remain relatively static, taking time to change. 17, 18, 35, 36 Physical exercise is a subset of PA that is planned, structured, repetitive and purposeful, leading to the improvement or maintenance of PF. 17, 18, 35, 36 In this review we will use the term PA as a generic term, whereas the terms cardiorespiratory fitness and/or metabolic fitness will be used in their specific meanings.
Physiopathological basis of the MS
The risk for MS is clearly related to fatness, and it increases from normal-weight to obese children. 4 The underlying disorder is a condition of insulin resistance, usually linked to increased abdominal adiposity. 37 Insulin resistance and increased insulin levels have been shown in children with obesity, 38 impaired glucose tolerance, 39 hypertension 40 and typical MS dyslipidemia. 41 Interindividual variability in insulin action has a genetic basis for B50%, the remaining 50% being equally explained by differences in the degree of adiposity and level of PF. 37 Recently, the importance of an altered fat partitioning (among visceral and subcutaneous abdominal fat, liver and muscles) on the insulin resistance developing in obese adolescents has also been reported. 42 The molecular basis of insulin resistance has not yet been fully elucidated. Receptor and postreceptor abnormalities have been described, as well as differences among body tissues in the degree of defective insulin action. 43 Also, other variables (that is, ethnic origin, gender, pubertal status, and so on) have been shown to influence insulin resistance. 44, 45 A strong relationship between the level of PA and insulin sensitivity is clearly ascertained. Exercise increases insulin sensitivity both acutely and chronically. The acute exerciseinduced improvement in insulin sensitivity and glucose uptake of skeletal muscles seems to be related to changes in insulin signaling in response to muscle contraction, such as increased translocation of GLUT4 (glucose transporter type 4) glucose transporters to cell surface. 19, [46] [47] [48] The effect is short lived (up to 48 h), and this is the reason to suggest that exercise should be practiced on a daily basis. Effects on body composition are clearly an important mechanism by which exercise training improves insulin sensitivity over the long term. Exercise training also increases GLUT4 content, glycogen synthase activity, mitochondrial enzyme activity and density in skeletal muscle, improves endothelial function and alters muscle fiber type. [49] [50] [51] Consequently, regular exercise training in adults induces long-term changes in insulin sensitivity within the skeletal muscle that may improve whole-body insulin sensitivity. 49 The adenosine 5 0 -monophospate-activated protein kinase (AMPK) is now considered a key player in regulating energy metabolism. 52, 53 AMPK is activated in response to a variety of stimuli including exercise, and is considered an important end point of PA effect on insulin sensitivity. AMPK also has an important role in the mechanism of action of some drugs treating MS, such as metformin, statins and thiazolinediones. 52, 53 The parallel effect of PA and drugs used for MS treatment on AMPK could represent the physiological basis for considering PA itself as a 'drug' for MS in children. The type, duration, frequency and intensity of PA affect fuel metabolism, in particular carbohydrate and lipid oxidation. 54 The modulation of metabolism because of increased fat oxidation by PA is the basis for both the relationship between PA and insulin sensitivity 51, 55 and for the proposed use of PA for insulin resistance reduction.
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Evidence-based relationship between PA and MS clustering
Cross-sectional studies Several omni-comprehensive review articles were published in the last years showing the number of researches Physical activity as a therapeutic tool in pediatrics P Brambilla et al concerning the association between PA and MS risk, both in adults and in pediatric age. [17] [18] [19] [20] [21] The main common intent of these review articles was to convey pediatricians that there are enough data demonstrating that a low level of PA is related to a high MS risk (that is, through cross-sectional population-based studies). In particular, six studies using objective measures of PA (that is, accelerometer) have found in healthy children an inverse relationship between PA level and metabolic risk factors, independent of age, gender and body mass index (BMI) or adiposity. [57] [58] [59] [60] [61] [62] Overall, in overweight children a high fitness level was associated with a risk for MS similar to that of normal-weight children with a low fitness level, thus vanishing differences between body weight classes 21, 50, [63] [64] [65] and contributing to long-term prevention. 66 The preventive role of PA in children was shown in a large study where a dose-response relationship between PA and blood pressure was found, and PA showed a strong effect on blood pressure when predicting hypertensive values. 67 Another study conducted in adolescents showed that a preventive effect on diabetes and impaired glucose tolerance was achieved with moderate PA.
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Intervention studies Only intervention studies in obese subjects, however, can demonstrate that increasing their PA level could control and maybe reduce MS presence and appearance. The latter is the key point for supporting the general concept of this review and it must be examined in detail. Literature searches were conducted in MEDLINE (1998-2009, OVID interface), limited to human participants and English language. The following string of search terms were used for each of the study outcomes to identify PA-related papers conducted within the age range of interest ('physical activity' OR 'physical exercise' OR 'physical fitness') AND ('child' OR 'adolescent'). For MS, the following terms added: ('metabolic syndrome' OR 'syndrome X' OR 'plurimetabolic syndrome' OR 'insulin resistance' OR 'insulin resistant'). In Table 1 , using the above approach we reported 11 randomized controlled trials involving PA performed in obese children and adolescents. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] These randomized controlled trials involved a wide range of patients' sample size, and PA programs were different for intensity, duration, modality and setting. In general, these studies have found a positive effect of PA programs, particularly of a vigorous intensity, on blood pressure and lipid levels. However, only a part of them investigated changes in insulin resistance, that is, the underlying metabolic abnormality of MS. A summary analysis of these randomized controlled trials showed an overall improvement in MS parameters with PA programs, especially for those of longer duration. Only one study investigated waist circumference changes, 28 which is a fundamental parameter of MS; the majority of them found a reduction of fat mass, whereas only few described a reduction of BMI. It has to be mentioned that none of them was conducted in a large sample of obese subjects with overt MS and this point should be clarified by further ad hoc studies. 
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A very recent systematic review showed health benefits of PA programs, and it can be considered very useful for the analysis of single parameter changes. 33 This review concluded that 'even modest amounts of physical activity can have tremendous health benefits in high-risk youngsters (for example, obese, high blood pressure)'.
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The 'fat-but-fit' phenotype
Classical and recent studies in adults, [69] [70] [71] as well as in children and adolescents, 18, 50, 51 have shown the strong relationship between PA and adiposity, expressed both as BMI or percent body fat. In light of this, we can state that PA influences the MS risk within fatness categories. This implies that normal-weight subjects with low levels of PA have a higher metabolic risk than active ones, but also that obese subjects with high levels of PA have a lower risk for metabolic abnormalities than sedentary obese. The latter, identified as the 'fat-but-fit' phenotype, 69, 72, 73 is receiving growing attention. 74 It has been shown that most of the improvements in global cardiometabolic risk may occur independent of any weight change because of regular, moderate-vigorousintensity PA. 74, 75 In addition, those individuals with the most elevated level of risk factors have the most to gain from adopting a PA lifestyle, as baseline values are an important predictor of the magnitude of improvement. Possible explanations for a better prognosis apart from weight loss/ change are a healthier body composition, an improvement in mitochondrial function or a change in the inflammatory state, all gathered by PA itself. 76, 77 Healthier body composition in childhood (that is, increased lean mass as a substitute of fat mass lost, the absolute reduction of visceral fat and intramuscular fat reduction) not necessarily implies weight loss but weight maintenance, controlling for age, gender, pubertal status and growth. Although a certain benefit from PA could be present even in the absence of improvement of metabolic parameters (protective effect on the cardiovascular system?).
In conclusion, as an alternative to weight loss, the adoption of the 'fat-but-fit' phenotype should be considered a new target strategy for obese subjects, underlying the needed body composition assessment and fat mass measurement in particular.
Role of PA in childhood obesity
The importance of PA in childhood obesity treatment has been mentioned since 1980s, together with diet control. 78 As both are the main determinants of energy balance, pediatricians recommended balanced diet and regular PA programs to achieve optimal weight control since infancy. 79 In other words, a comparable effect has to be expected from both diet and PA in obesity treatment. Nevertheless, comparative studies in adults have shown that the effect of PA on weight control is limited and generally lower than that obtained by diet restriction. [80] [81] [82] [83] [84] [85] Moreover, it has been established that the relative effectiveness of diet or PA depends upon the degree of adiposity excess, given the maximal effect of diet in markedly obese subjects and that of PA at low degrees of fat excess. 86 In order to disentangle the concept that diet and PA have comparable effects in obesity management, we depicted in Figure 1 how their relative roles should be considered different, keeping body composition into consideration. Diet and PA have different effects on body composition, with both contributing to fat loss, but only PA increases muscle mass and thus has a direct effect on metabolic function, expressed by changes in cardiovascular risk factors. Therefore, it is important to remember their complementary but different targets in daily clinical practice, such as body weight control for diet and metabolic health for PA.
As Garrow 86 earlier suggested in the 1980s, obesity should be treated with the combination of dietary restriction and exercise; the more severe the obesity the more important the diet component of treatment, with exercise relevant tool only in the management of mild obesity or in the prevention. This concept was modulated by considering the efficacy of treatment as a function of body weight/BMI reduction, having diet the major player. On the other hand, if we now consider the metabolic health as the main therapeutic outcome for an obese subject, we should relate the treatment efficacy with the ability of modifying metabolic functions. In light of this, we could propose to modify the original figure of Garrow 86 by substituting BMI with metabolic risk on the x axis ( Figure 2 ). This change implies the new and more important role given to PA, and supports that when the metabolism is affected, PA could be able to moderate the risk. In other words, the more the metabolism is affected in an obese child, the highest 'dosage' of PA should be prescribed, independently of weight excess. In pediatric age, weight loss during growth is questionable and limited to some pathological conditions that deserve a Physical activity as a therapeutic tool in pediatrics P Brambilla et al rapid intervention. In most cases, weight maintenance is the correct approach in conjunction with an healthier body composition, 79 and increased PA levels should be attained in order to treat early metabolic derangement.
What kind of PA to treat the MS in children?
The position of the American Academy of Pediatrics on physical fitness and activity in schools advocates increases in structured and unstructured activities. 87 Since 2000, the US Department of Agriculture has recommended that children and adolescents participate in X60 min of moderate-vigorous-intensity PA most days of the week, preferable daily. 88 Moderate-intensity PA is defined as an activity between 3 and 6 metabolic equivalents (METS), whereas vigorousintensity PA is 46 METS. This position was reaffirmed in the 2005 by Dietary Guidelines for Americans, 89 supported by the Center for Disease Control and Prevention, 90 and by a systematic literature review of the effects of PA on health and behavior outcomes. 91 It has to be underlined that these recommendations are for healthy children, although the clinical condition of each obese child or adolescent may suggest specific PA type, intensity, frequency and duration. Andersen et al., 57 in 1732 randomly selected 9-year-old and 15-year-old school children, using accelerometer as a measure of PA intensity instead of self-reported PA estimates, suggested that the current guidelines could be an underestimation of the activity necessary to prevent clustering of risk factors in children, and fixed at 90 min daily the required PA. However, according to Wittmeier et al., 92 in children aged 8-11 years, the 60 min per day seems to be a more suitable initial target than 90 min, because only 4% of studied children really met the upper level. When PA recommendations are applied, it is important to keep in mind what should be the spontaneous PA pattern in childhood. How does the child move? Heart rate studies demonstrate that children spontaneously perform only short bouts (p5 min) of activities and seldom participate in longsustained (X20 min) activities. 93 Therefore, it could be preferable to try to achieve the optimal PA level through accumulation of several minor activity periods of p5 min each. Moreover, children usually perform large volumes of activities in the lower heart rate range, corresponding to low-intensity PA (that is, 1.1-2.9 METS). 17 The distribution of intensity of PA changes with age: sedentary time is going up from infancy to adolescence (from 25 to 46%), whereas the time spent on moderate-to-vigorous PA reduces (from 15 to 8%), with the majority of the time spent in low-intensity PA, independently of age. [94] [95] [96] Therefore, the ideal target of PA intervention might be different between children and adolescents, and the latter could receive more benefit from a positive change of lifestyle than the young ones. Nevertheless, it is also known that PA levels track from early childhood, 97 and therefore the highest benefit should derive from starting earliest.
On the other hand, there is an increasing evidence that only vigorous PA, even if to only a few minutes per day, could decrease energy stores, improve body composition and cardiorespiratory fitness and thus be able to counteract the MS risk.
98-100 Also, it is particularly intriguing that vigorousintensity PA is the only predictor of impaired flow-mediated dilation, an initial obesity-related organ damage, in children with altered vascular function, as recently shown by Hopkins et al. 101 However, the minimal and optimal amounts of PA required to prevent and treat the clustering of metabolic risk in children are still unknown. 20 The open question is whether low-intensity exercise, which is the most common and physiologic PA pattern in childhood, has any health benefit or has any effect on body composition and metabolism, and only longitudinal studies could answer this question. Fuel metabolism during exercise could be affected by adiposity degree. 94 However, the regulation of balance between carbohydrate and lipid use during exercise has received much less attention in children than in adults, and it is possible that the child could present a different metabolic response to PA intensity, modulated by other factors (that is, age, gender, training and diet). 54 It has been suggested that obese children need to practice PA at a lower intensity than normal-weight children to enhance lipolysis and attain the desirable increased fat oxidation by PA.
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Much work remains in order to optimize recommendations for PA in children according to age, and to define the type, frequency, intensity and duration and maximize both adherence and benefits. However, Ekelund et al. 9 concluded that even relatively small increases in PA may significantly reduce the risk of MS in healthy children. Recent data have shown in sedentary type 2 diabetic adults that a lowintensity exercise can reduce the prevalence of hyperglycemia. 103 Moreover, a population-based study in children demonstrated that higher levels of PA were associated with lower blood pressure, and that volume was more important than intensity. 104 In light of these controversies, there is an urgent need for research studies focusing on the metabolic ).
Physical activity as a therapeutic tool in pediatrics P Brambilla et al effects of low-intensity PA in children with MS risk. In overweight and obese children we might expect that a period of low-intensity PA could improve the overall PF, namely the skill-related aspects (for example, agility, balance, coordination, power, reaction time, and speed) and also other healthrelated ones (for example, muscular strength, muscular endurance, body composition and flexibility), apart from metabolic fitness. It is also likely that a reduction in sedentary behavior because of an increase in PA may offer the best possibility for approaching the obese subject at risk of MS. Healy et al. 105 have shown in adults that increased breaks in sedentary time were beneficially associated with metabolic risk factors, independently of total sedentary time and level of moderateto vigorous-intensity PA. For the first time, this study provided evidence of the importance of avoiding prolonged uninterrupted periods of sedentary time. These findings suggest that it is not only the amount of sedentary time that is important but also the manner in which it is accumulated. 105 Therefore, health benefits could be proportional not only to the increase of PA, but also to the reduction of the sedentary status.
A multiple-step strategy
Obese children and adolescents with MS or at a risk of it are markedly sedentary for definition and, as a consequence of the obesity status, even of severe degree. It is quite reasonable to propose them a multiple-step strategy. We can start first proposing to substitute part of sedentary time with light PA, and then advance to moderate-intensity PA program, increasing goals and tailored on individual characteristics, up to an end point represented by a daily moderatevigorous-intensity PA program that is enough to achieve a normalization of their metabolic profile. It can be possible, however, that a restoration of metabolic profile could be already reached at an intermediate step in a subgroup of patients. This strategy could reduce the well-known low compliance of obese children faced with current structured PA programs. 106 The first step low-intensity PA should be considered the needed phase of being more confident with PA, similar to the recommendation suggested for rehabilitation in postmyocardial infarction adults, 107 or for long-term inactivity because of important trauma or fracture. The first-phase PA should be considered a re-education to move. It has to be stressed, however, that even low-intensity PAs should be recommended on a daily basis. We should also take into account the basal personal PA level, which could be different among subjects; the benefit could be also proportional to the percent change from basal. In a population-based sample of European youth, Ekelund et al. 9 found that an increase in daily PA by 10-20%
was associated with a 33% lower risk of MS. Pediatricians should share with the child/adolescent and his family which goal to achieve step by step. The use of a self-monitoring device for PA estimate has to be considered strategic for the individual education in order to increase movement. Pediatricians should also consider and try to combat the main reasons for inactivity in childhood, largely dependent on the social environment in industrialized countries; however, is seems easier to face this point at the individual level, investigating the specific personal and familial causes. It is well known that the main cause for inactivity in childhood is certainly TV viewing, 108 and a great effort should be dedicated to implement active and interactive ways to sit in front of a TV. Few years ago, Faith et al. 109 , using a randomized two-arm design, tested the effect of contingent TV on PA and TV viewing in obese children. They found that the intervention significantly increased pedaling and reduced TV-viewing time. A more recent study on exercise intervention using an active video game showed that 12 weeks of aerobic exercise improved flow-mediated dilation, aerobic fitness and blood pressure in overweight children. 32 The last unsolved question facing the day-by-day clinical practice is how to screen at baseline the child who should perform PA instead of receiving drug prescription. We suspect that the more inactive ones should be those with the potential largest benefit from PA.
Low compliance to PA recommendations
The main reason for low compliance is probably linked to the impossibility to perform the kind of PA usually recommended, in terms of type, duration, frequency and intensity. Another related cause is the perception by the child/adolescent that PA prescribed is not enjoyable because it is superimposed and not free to perform. 110 An important misunderstanding when a PA program is proposed is the lack of a clear statement about its specific goal, which probably differs for doctors (that is, metabolic fitness) and subject/ family (that is, weight loss or fat loss). This difference might be a crucial factor together with family concerns on additional costs, both increasing the risk of therapeutic failures and low positive results. Pediatricians must produce the maximal effort in achieving the highest compliance to the proposed program, either for the subjects or the family. In fact, program adherence is strictly related to medium-and long-term results, and 'there is the potential of enhancing the efficacy of existing treatments and developing new paradigm to treat pediatric obesity by tailoring treatment based on moderators of treatment success'. 111 In light of these findings, we may consider the possibility of suggesting enjoyable, even unstructured, activities at lowintensity level in order to limit initial dropout. We reported in Table 2 some low-intensity activities that could be proposed to obese children to make them quickly more active. Estimates of their intensity are derived from adults. 112 However, energy expenditure per kg of body mass at rest or during exercise is greater in children than adults, and varies Physical activity as a therapeutic tool in pediatrics P Brambilla et al with puberty status; thus, using the definition of MET in the compendium of PA without adjustment may be inadequate for energy estimation in children, until a child reaches Tanner Stage 5. 113 In light of this, accelerometer can provide a practical, reliable and valid mean of quantifying the amount and intensity of PA, thus avoiding the mentioned bias in PA measurement. 114 Moreover, there is evidence that the factorial METS system may be inaccurate for estimating activity energy expenditure in people of different body mass and body fat percentage. 115 Potential benefits on compliance to PA, at least from studies conducted in overweight adults, 116, 117 could also be expected in pediatric age when a 'social stimulation and support' is present (that is, exercising with partners or with own pets). As beneficial metabolic associations were observed in adults with breaks that were relatively short in duration and light in intensity, 105 advice to regularly break up or interrupt sustained sedentary time could be feasible to implement across numerous settings, including home and school. Ultimately, along with all treatment period, it is important to maintain the goal of maximal adherence to program by having enjoyable, unstructured and feasible activities performed by the subject.
PA as a drug: its use, effects and limits
A PA program could be proposed as a useful therapeutic prescription for obese children and adolescents with MS in order to ameliorate metabolic profile. Consequently, pediatricians can face the choice between PA program and drug treatment along with diet prescription. In this view, PA should be analyzed with the same approach as used for a drug (that is, dose, effects and limits). Presently, the Food and Drug Administration approves six drugs specifically for obesity treatment, 118 only two of which, sibutramine and orlistat, have been approved for limited use among pediatric patients. [119] [120] [121] Other drugs are prescribed in obese adolescents with MS in order to treat insulin resistance (that is, metformin), [122] [123] [124] [125] [126] hypertension or dyslipidemia (statins, antihypertensives). Table 3 compared main characteristics of drug treatment along with PA. We described the changes in anthropometric, biochemical and metabolic parameters that are influenced by drug treatment and PA. Although some effects are not clear or are controversial, it appears evident that PA alone should be preferable in term of overall evaluation. We stress that PA is able to influence in a causal way all components of the MS at the same time, differently from what is expected for a drug. Other positive effects of PA are also present on bone mass, self-esteem, behavior, social relations and lifestyle of the child, thus contributing to the overall efficacy of treatment. 21, 130, 131 Regarding possible side effects of PA, they are clearly related to obesity status, intensity, duration and type of exercise, and hormones directed influenced by exercise (that is, growth hormone insulin-like growth factor 1 axis hormones and neuroadrenergic hormones). [132] [133] However, the observed hormonal changes could be more speculative and influenced by the obesity status. 134, 135 In weight-bearing activities, the weight of the obese child might increase the risk of musculoskeletal disorders. 134 In comparison with normotensives, hypertensive children can have an Increased hepatic transaminase levels, elevations of creatine kinasis, muscle aches or cramping, concern about teratogenic effect. j Hyperkalemia, hypotension, renal failure, angioedema, gastrointestinal side effects, cough. Four options: X, when established effect; x, when minimal effect; ?, when questionable effect; F, no effect.
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ANTI-HYP
Physical activity as a therapeutic tool in pediatrics P Brambilla et al exaggerated increase in blood pressure during dynamic exercise testing. 136 However, studies of exercise stress testing in hypertensive children and adolescents show no evidence of cardiovascular complications related to either dynamic or isometric exercise. 137 The NHBPEP Working Group has recognized the potential benefit of both aerobic exercise and resistance training for hypertensive subjects, with the only exception of power lifting. 138 
Cost of treatments
Cost of treatments can be analyzed by different angles, depending on the variable considered. It is relevant to consider the two possible approaches for PA intervention: the 'prescriptive' model, in which children will do the PA on their own, after the health professional's prescription, and the other model in which the treatment program includes specific personnel to perform PA sessions with the patients. In any case, there will always be a cost related with the involved personnel.
A regular PA program performed in a sport setting has undoubtedly a cost, which can vary on the basis of activity chosen and the field in which it is played. Running and walking are certainly low-cost activities when compared with other sports (swimming, biking, tennis, skiing, and so on), for which specific equipments, classes and places are required. However, it is important to state that low-intensity physical activities (Table 2 ) may have a minimal cost or even no cost. On the contrary, drug treatment for MS could never have a null cost, both in terms of the use of the drug itself and possible side effects.
One important factor that may differentiate treatments (PA vs drugs) is cost effectiveness. 111 In Table 3 we analyzed this ratio from a classical medical point of view, showing a preferable choice for PA compared with drug treatment. In this case, costs are equal to side effects, whereas effectiveness is broadly represented by improvement in clinical outcomes. Nevertheless, cost-effectiveness analysis for PA should imply a multidisciplinary and global approach. Thus, assessing cost effectiveness as a societal approach, in which direct medical and nonmedical costs and indirect costs are included, could be most useful. 111 The increased prevalence of subjects at risk for MS implies to try facing the problem from the society instead of individual perspective, and this can be accomplished using a combination of state and local policy enactment, giving the possibility to quantify the real cost. Looking at effectiveness, community approach could show similar difficulties. Although family-based interventions such as lifestyle changes positively influence cost-effectiveness balance because of secondary effects on other family members, this is impossible to obtain with individual drug treatment. 139 Another level of analysis is to consider who will directly pay the cost. It is well known that obesity is related to low socioeconomic status, 140 and individual cost for treatment should be spread out at the community level. Although this is reasonable for drug treatment, depending on health strategy and policies, it is not achieved for the adoption of PA facilities at low-income family level. Pediatricians must take into account this problem when a PA strategy has to be prescribed, assessing those activities with cheapest cost. During day-by-day clinical practice, facing with subjects with MS, it is undoubtedly expensive to follow recommendations on moderate-to-vigorous, regular and structured PA, requiring basal and follow-up dynamic exercise testing, body composition analysis and team approach (that is, physical trainer, psychologist, nutritionist and so on). It is therefore critical that PA should be less structured but ultimately performed in obese with MS.
Age, gender, individual skills as well as environment (area of residency, climate, urbanization and so on) and family (composition and lifestyle) factors are all variables affecting an estimate PA cost. Exercise requires time and opportunity (access to parks, walking or cycling tracks, gym facilities and so on) and needs to be appealing, especially in an environment where entertaining sedentary opportunities abound.
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Conclusion (evidences, proposal and open questions)
The goal of this review was to discuss the use of PA as the main therapeutic tool for MS treatment. Table 4 describes the PA characteristics using the same approach deserved by a drug, with some limitations and a clear provocative approach. To consider PA as a drug should be first accepted by the pediatricians in order to convince their patients and families to do the same. Physical activity as a therapeutic tool in pediatrics P Brambilla et al When summarizing the main features of this review, we try to separate those with solid evidences from our proposal and open questions.
Evidences
The risk for MS is related to fatness, and it increases from normal-weight to obese children. Insulin resistance is the main mechanism underlying MS. PA improves insulin sensitivity in children; PF is a stronger predictor of insulin sensitivity than fatness in overweight children. PA influences the MS risk within fatness categories. PA should be the ideal and best tool to prevent a metabolic risk. When the metabolism is affected, PA is able to moderate the risk. Scientific evidences collected in the last years support the use of PA as the first-choice treatment for subjects with MS. The adoption of the 'fat-but-fit' phenotype should be considered a new target strategy for obese subjects, as an alternative to weight loss. The type, frequency, duration and intensity of PA affect fuel metabolism, in particular carbohydrate and lipid oxidation. The possible modulation of metabolism because of increased fat oxidation by PA is the basis for both the relationship between PA and insulin sensitivity and for the proposed use of PA for insulin resistance reduction. PA directly influences metabolic function, expressed by changes in cardiovascular disease risk factors. The more the metabolism is affected in an obese child, the highest 'dosage' of PA should be prescribed. In this light, weight maintenance is the correct approach in conjunction with the achievement of healthier body composition and metabolic fitness. Children and adolescents should participate in X60 min of moderate-vigorous PA most days of the week, preferable daily. However, low compliance to actual PA recommendations in obese children and adolescent has to be kept in mind and faced. Many factors are involved in low compliance to PA, especially the perception by the child/ adolescent that prescribed PA is not enjoyable because it is superimposed and not free to perform, together with the lack of a clear statement about its specific goal, which probably differs for doctors (that is, metabolic fitness) and subject/family (that is, weight loss or fat loss). Children spontaneously perform only short bouts (p5 min) of activities and seldom participate in longsustained (X20 min) activities. Children usually perform large volumes of activities in the lower heart rate range, corresponding to low-intensity PA. According to available literature, only vigorous PA, even for few minutes per day, can decrease energy stores, improve body composition (by increasing lean mass as a substitute of fat mass lost) and restore fat distribution (by reducing visceral and intramuscular fat depots). Vigorousintensity PA might have the ability to improve vascular function in children with altered flow-mediated dilation. Advice to regularly break up or interrupt sustained sedentary time can contribute to improve metabolism.
Proposal
It is important to elucidate to children/families the different targeting for diet and PA, such as body weight control for diet and metabolic health for PA. The Expert Committee Recommendation regarding the prevention, assessment and treatment of child and adolescent overweight and obesity recommends qualitative assessment of dietary patterns and level of PA and sedentary behaviors. The latter should be in the general areas of (1) self-efficacy and readiness to change, (2) environment and social support and barriers to PA, (3) whether the child is meeting recommendations of 60 min of at least moderate PA per day and (4) levels of sedentary behavior (including hours of behaviors such as watching television and/or DVDs, playing video games and using the computer, in comparison with a baseline value of o2 h per day). 79 Food frequency questionnaires and accelerometer could be the devices needed to detect the adherence of diet and PA prescription.
Obese children and adolescents with MS or at risk of it are generally markedly sedentary. A multiple-step strategy for re-education to PA should be proposed as the most feasible strategy for obese children with MS. Pediatricians should start proposing to substitute part of sedentary time with low-intensity PA on a daily basis, with first-phase PA being considered a re-education to move. Only when it has been achieved, it is possible to advance to moderate-intensity PA program, increasing goals and tailoring them on individual characteristics. The end point should be represented by daily moderate-vigorous-intensity PA programs that are enough to achieve a normalization of their metabolic profile. Pediatricians should also take into account the basal personal PA level, which could be different among subjects, and the benefit could be proportional to the percent change from basal. The use of a self-monitoring device for PA estimate has to be considered strategic for the individual education in order to increase movement. We may consider the possibility of suggesting feasible and enjoyable, even unstructured, activities at low-intensity level in order to limit initial dropout. We stress the importance of a 'social stimulation and support' (that is, exercising with partners or with pets). Reasons for low compliance with PA programs should be investigated on an individual basis. A reduction of inactivity and sedentary behaviors in favor of low-intensity PA should be considered as a starting procedure. It seems preferable to try to achieve the optimal PA level through accumulation of several minor activity periods of p5 min each.
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Pediatricians should share with the child/adolescent and family which goal to achieve step by step. The analysis of cost effectiveness is strategic. In this light, low-intensity PA may have a minimal cost, at least related to personnel, or even no cost if performed by the subject alone. On the contrary, drug treatment for MS could never have a null cost, both in terms of the use of the drug itself and possible side effects.
Open questions
The first and may be the most important open question is if PA could be more potent than diet for reducing MS. In order to clarify this issue we need a series of well-controlled randomized clinical trials in both children and adults that test combinations of diet and PA interventions to determine which one(s) have the greatest influence on reducing MS. These studies should be performed in large samples of subjects with overt MS. Another crucial open question is whether low-intensity exercise, which is the most common and physiologic PA pattern in childhood, has any health benefit or has any effect on body composition and metabolism, and only ad hoc studies could answer the question. In particular, we need research studies focusing the effects of low-intensity PA on the metabolic status of children with cardiovascular disease risk. Much work remains to optimize recommendations for PA in children and to define the type, frequency, intensity and duration in order to maximize both adherence and benefits. We need studies aimed to separate the effects on risk factors of increased PA levels from those because of increased cardiorespiratory fitness. We need to study the effects of PA on cytokines and endothelial function in children at risk for MS. We need to define not only the ideal but also the minimal recommendations for PA in children at risk for MS. We need to establish age-and gender-related correspondences between activities and energy consumption in order to propose pediatric METS useful for practical purposes. We need to find new and more effective strategies to improve motivation to PA in childhood.
